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Abstract—Electrification of remote areas with the help of 
standalone power supply systems, also known as islanded 
microgrids, is a complex and multi-dimensional problem. This 
problem needs to address and consider diverse factors such as 
economic, technical, environmental, social and political. This 
study has used an analytical hierarchy process-based multi-
criteria decision-making approach to obtain a more robust and 
universally convincing plan for remote area microgrids. To this 
end, a survey has been conducted from worldwide academics, 
industry experts and consultants. The study reveals that the 
economic criterion is the most important factor versus other 
factors. 
Index Terms—Analytical hierarchy process (AHP), Multi-
criteria decision analysis (MCDA), Remote area islanded 
microgrid, Optimal planning 
I. INTRODUCTION 
Around 1.2 billion people living in the remote and rural 
areas worldwide are deprived of electricity access [1]. This 
not only adversely impacts their lifestyle but also obstructs 
the social growth that hinders the advancements of the United 
Nations’ sustainable development goals (SDGs) [2]. Energy, 
the key enabler in achieving SDGs, has to be affordable, reli-
able, sustainable and based on modern-day technologies [2]. 
The primary target represent three pillars of sustainable ener-
gy, i.e., ensuring access to clean and modern energy, increas-
ing the share of renewable energy, and improving energy 
efficiency. 
Electrification of remote and rural areas around the world 
has always been economically and technically challenging 
due to the long distances between the load centers and the 
nearest power grid lines or substations, low load density and 
challenging topography [3]. Off-grid or standalone solutions 
are thereby deemed as an integral part of the remote areas’ 
power supply systems, also referred to as islanded microgrids 
[4-5]. Diesel-driven synchronous generators are primarily 
chosen to electrify these areas due to low capital cost and 
consolidated supply chain in the regions [6-7]. However, the 
reduced capital cost of renewable systems, their low or zero 
ongoing costs, as well as low or zero emissions, have made 
them comparable and sometimes competitive with diesel 
generators in such areas [8-10].  
In recent years, tremendous effort has been put 
worldwide to develop methods for harnessing energy 
more effectively from renewable sources. Introduction of 
these technologies plays a significant role in the lifestyle 
of the local habitats as these impacts the social and eco-
nomic aspects of their lives. Therefore, optimal planning 
is required for these islanded microgrids to satisfy the 
technical requirements of the local community whilst 
addressing non-technical issues, such as economic, 
social, environmental and political. Such a holistic 
approach can provide the decision makers with a tool to 
be used for achieving robust planning for islanded 
microgrids in remote and rural areas.  
Most literature focus on mathematical modeling and 
power systems simulation for the optimal planning of 
remote area electrification which briefly portrays the 
consideration of mono-objective optimization via simple 
linear programming and enumerative optimization [11]. 
This approach helps the system planners to propose a 
technically sound system. However, it does not consider 
the non-technical issues, and thus, lacks practical features. 
As an example, [12] and [13] discuss the insufficiency of 
considering only economic indicators such as cost-benefit 
analysis or net present cost.  
Literature [14-15] demonstrate that an in-depth un-
derstanding of the local concerns and conditions are nec-
essary for planning, implementing and managing 
microgrids. The study also reveals that all of the five di-
mensions of microgrid planning (i.e., social, technical, 
economic, environmental and policy) need to work to-
gether to overcome the barriers. This will result in 
achieving the desired sustainable energy development, 
which is beyond the scopes of the traditional techno-
economic planning. For example, if social awareness is 
not addressed within the community where the microgrid 
is to be implemented, the lack of knowledge will affect 
the people’s way of maintaining the technology and thus 
using energy [16]. Therefore, social challenges have di-
rect impact on the technical success and the environmen-
tal benefits of microgrid in remote areas [14]. The lack of 
community engagement, lack of proper education, lack of 
practical preliminary survey and insecurity of the infra-
structure are some of the factors, which may create ad-
ICUE 2018 on Green Energy for Sustainable Development 
Thavorn Palm Beach Resort Karon, Phuket, Thailand. 24 – 26 October 2018 
 
 
verse impressions of microgrid among communities. Hence, 
this research tries to address these non-technical issues. If the 
social aspects are ignored, then the overall planning will lack 
inputs that come from the local stakeholders. Without ad-
dressing these challenges, implementing a microgrid in a re-
mote community is an incomplete solution.  
Planning for remote area microgrids not only depends on 
the socio-economic and technical factors but also depend on 
some environmental factors. Environmental factors must be 
addressed for a long-term viability when designing a cost-
effective system for the respective community [14, 17]. The 
current solution of fossil fuel-based electrification in most of 
the remote areas worldwide is facilitated by the lower capital 
cost and lower expectation of system reliability. However, 
this solution lacks long term sustainability characteristics. 
Installing renewable energy-based power systems lowers the 
consumption of fossil fuel, and thus, leads to lowering the 
fuel dependency, the transportation and storage costs, as well 
as the associated risks, which are essential long-term benefits 
in terms of environmental sustainability. Renewable energy 
integrated systems make remote communities self-reliant for 
its electricity, and thus, assist in creating new jobs and lower-
ing the health impacts coming from burning fossil fuels. 
Hence, it is a matter of concern to assess the degree of inter-
est on environmental sustainability among the experts work-
ing in the power systems and renewable energy sector. Fail-
ure to address such non-technical aspects may lead to a dis-
appointment to the community, which will outshine the bene-
fits of microgrid. Some of the key features of a well-designed 
and planned microgrid that addresses both technical and non-
technical planning factors are [14, 18-20]: 
• Proper and practical design of the grid/network 
• Standard equipment maintenance techniques 
• Use of quality machines and materials  
• Proper use of monitoring system 
• Ensuring system reliability and energy sufficiency 
• Financial incentives by the government or local authority 
• Financial involvement by the local community 
• Effective environmental impact assessment 
• Educating the local consumers 
• Effective community awareness and participation 
• Effective pre design survey and study 
• Creation of local jobs, and 
• Ensuring proper management system that mitigates the 
major remoteness factors 
On the other hand, communities of remote and rural areas 
are usually considered as the underprivileged society in terms 
of educational and cultural growth [21]. It is a common con-
cern of the utilities and contractors operating in these areas to 
consider some factors those may create social turmoil while 
introducing power system equipment, which are modular and 
flexible to use [22]. Personal work experience of the authors 
convey that, residential rooftop PV panels are often be-
come targets of vandals due to market demand and pres-
ence of black market. Often electrical devices; for exam-
ple, batteries get damaged and stops providing adequate 
support due to poor or lack of safety rules and regulations 
knowledge of the remote community. This creates a mis-
conception regarding that technology, and people become 
demotivated to invest on it in future. Another obstructive 
factor is that, many governments tend to amend the re-
newable energy policies and regulations depending on 
the respective political and financial interests. A coun-
try’s renewable energy policy dictates the interest to-
wards renewable energy based microgrids for the devel-
opment of that country’s remote and rural areas. If the 
policies do not support enough incentives or withdraws 
the facilities provided for uptake of renewable energy 
technologies, remote and rural communities get demoti-
vated to uptake those technologies, which may cause 
higher upfront cost that result a lengthy payback period. 
It is challenging to come up with an optimal plan for 
a remote area islanded microgrids as some criteria, for 
example, job creation, social acceptance and impacts on 
physical and mental health cannot be measured by moni-
tory values. Some criteria also have a rebound effect on 
others, and they may not offer the best solution without 
cogitating. Therefore, there is a need to develop a com-
prehensive and rational planning process that is appropri-
ate for remote off-grid communities, which considers all 
criteria to address the SDGs. In this context, multi-
criteria decision analysis (MCDA) is an efficient, timely 
and prudent approach, and is helpful when a decision-
making dilemma arises from multiple and probably con-
flicting objectives [23-24]. This technique provides a 
reliable methodology for ranking several options or alter-
natives, considering the objectives and constraints. It 
assists the stakeholders to compare choices across several 
dimensions. Many stakeholders are involved in this pro-
cess of planning including academics, industry experts, 
consultants, policymakers, as well as environmental and 
public interest groups. All of these stakeholders share 
divergent viewpoints and interests. Thus, a systematic 
approach is required that can combine all the trade-offs 
from these diversities and settles the results. This is be-
cause no single source can satisfy all the criteria at the 
same time. MCDA is the process that can combine all the 
diverse view-points to propose a comprehensive solution. 
Mardani et al. [25] has reviewed a range of techniques 
for MCDA and finds it an essential and realistic method 
to solve energy-related problems, which deal with multi-
ple objectives associated with multiple numbers of re-
sources. The study reveals that, from 2004 to 2015, there 
has been continuously increasing interest in MCDA 
methods for solving renewable energy technology-based 
problems [25]. Around 29% of all the methodologies 
used in planning or operating electric supply system of 
rural and remote areas follow the MCDA approach [11, 
26-27].  
The key question for which this research aims to find 
an answer is: What are the primary concerns among vari-
ous groups of worldwide experts on planning a remote 
area
islanded microgrid? The study considers photovoltaic (PV) 
and battery-based electrification options in the microgrid 
as additional sources to the existing diesel-driven synchro-
nous generators. To this end, a survey has been conducted 
from the worldwide academics, industry experts and con-
sultants. First, they are requested to provide feedback and 
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opinion on integrating PV and battery energy storage sys-
tems into diesel-driven synchronous generator-based is-
landed microgrids of remote and rural areas. Then, the 
MCDA approach has been applied to the replies provided 
by the experts. The only reason for focusing on PV sys-
tems among various types of renewable energies is that 
they are currently playing a significant role in hybridiza-
tion of the electric networks in remote areas on a global 
scale [28]. The battery energy storage systems are also 
focused on this question as they can enhance the 
microgrid’s dynamic performance versus the unexpected 
and variable output variations of PV systems [29-31].  
II. METHODOLOGY 
This study investigates the prioritization of decision-
making criteria and sub-criteria for islanded microgrids. 
Fig. 1 depicts the followed methodology in this study, 
which includes an analytical hierarchy process (AHP) 
technique for the MCDA. The AHP technique has been 
employed as it has the best value measurement model, and 
thus, it is one of the most commonly used techniques for 
MCDA [32-34]. 
In this research, first, the problem is structured into a 
hierarchy model. The objective of the study is to define the 
criteria and sub-criteria for optimal electrification of the 
remote area islanded microgrid. These criteria have been 
chosen based on extensive literature review. Most of the 
researchers have mentioned four broad criteria of econom-
ic, environmental, technical and social to be considered 
when evaluating a remote area microgrid. To make the 
decision-making more comprehensive and robust, each 
criterion is also divided into several sub-criteria, as listed 
in Table I [35]. 
The second step is to obtain the weighing of each crite-
rion and sub-criterion of the hierarchy. Each criterion has a 
relative importance, which can be identified by their 
weightings (scores) [36]. A survey questionnaire was pre-
pared for collecting the relative importance and score and 
circulated to the experts around the world. The experts 
provided the relative weightings of all the criteria and sub-
criteria following a comprehensive guideline. The mini-
mum sample size required for this survey (denoted by 
𝑁survey) is calculated from [37]. 




in which 𝑍score2 = 1.645 when the confidence level is con-
sidered as 90%; the standard deviation (denoted by 𝑆𝐷) is 
0.5 and the error margin (denoted by 𝐸margin ) is ±10%. 
From (1), the minimum sample size required has been cal-
culated as 68 for this study. However, the total number of 
participants took part into the survey exceeded the mini-
mum sample size. The considered expert groups are the 
‘Academics’, ‘Industry Experts’ and ‘Consultants’ en-
gaged in various sectors related to electric power systems, 
renewable energy technologies, microgrids and rural elec-
trification. All experts who took part in the survey were 
categorized into one of these three groups. The experts are 
asked to rate all criteria and sub-criteria individually using 
the Saaty scale (i.e., the numerical scale shown in table II 
[34]).  
 
Figure 1. Typical methodological approach. 
TABLE I. CONSIDERED CRITERIA AND SUB-CRITERIA. 
Criterion Sub-criterion 
Economic Net present cost, Capital cost, Operation and maintenance 
cost, Fuel price 
Environmental CO2 emission, Noise pollution, Land use 
Technical System reliability, Renewable share, Peak shaving, Gen-
erator efficiency  
Social Job creation, Social acceptance, Remoteness factor 
TABLE II. SAATY SCALE USED IN THE AHP TECHNIQUE [29-30]. 
Rating Definition 
9 Extreme importance 
7 Very strong importance 
5 Strong importance 
3 Moderate importance of one over another 
1 Equal importance 
2, 4, 6, 8 Intermediate values between two adjacent judge-ments 
Reciprocals 
If action ‘i’ has one of the above rating assigned to 
it and then compared to another action ‘j’, then ‘j’ 
has the reciprocal value when compared with ‘i’ 
 
The third and the final step is to evaluate each expert 
group’s comparative prioritization and determine the 
weightings for all criteria and sub-criteria (universal data 
set). The technique consists of three principles: decompo-
sition, comparative judgments, and synthesis of priorities 
[38]. First, the vector of weightings has to be computed for 
all criteria followed by computing the weighting vectors 
for sub-criteria. To compute the weightings of any 
criterion, the AHP technique generates a pairwise compar-
ison matrix in which the Saaty scale is used. All criteria 
and sub-criteria are used for pairwise comparisons. More 
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TABLE III. CRITERIA PAIRWISE COMPARISON MATRIX FOR THE ACADEMIC, INDUSTRY EXPERT AND CONSULTANT GROUP 
 Academic Industry Expert Consultant 
Criteria Economic Environmental Technical Social Economic Environmental Technical Social Economic Environmental Technical Social 
Economic 1 4 1 7 1 5 3 x 1 7 7 8 
Environmental 1/4 1 1 1 1/5 1 1 1 1/7 1 x 1 
Technical 1 1 1 x 1/3 1 1 3 1/7 1/x 1 1/6 
Social 1/7 1 1/x 1 1/x 1 1/3 1 1/8 1 6 1 
 
III. SURVEY RESULTS AND DISCUSSION 
A total of 71 participants responded to the submitted 
survey. Fig. 2 presents the diversity of the respondents and 
shows 63% of the respondents belong to the Academic 
group, 30% to the Industry Expert group and the rest 7% to 
the Consultant group. Moreover, 54% of the respondents 
have either work experience or currently working in devel-
oped countries while the rest belong to the developing 
countries. Furthermore, a total of 38% of these respondents 
are belong to Asia followed by 32% from Oceania and 14% 
from America, 13% from Europe and 3% from Africa. The 
survey asked the experts to take part in an online question-
naire and rank or rate the comparative and pair-wise im-
portance of all criteria and respective sub-criteria among 
each other, using the scale provided in table II. The authors 
also sought through the survey, experts’ views and com-
ments on selecting these criteria for planning of a remote 
area microgrid. The results of this survey are unique be-
cause of the participation of multinational experts with 
multicultural background and experience from around the 
world.  
Table III presents the pairwise comparison matrices ob-
tained for each criterion, for all the expert groups. The in-
formation in this table has been then used to determine the 
weighting of each criterion using the AHP technique. These 
weightings are depicted in Fig. 3 for all expert groups. As 
seen from this figure, the weighting of the economic crite-
rion outweighs other criteria by all expert groups. The in-
tensity of importance for the economic criterion is respec-
tively 48.7, 58 and 69.9% for the Academic, Industry Ex-
pert and Consultant groups. It is also seen from this figure 
that experts are less concerned about the environmental 
criterion when planning a remote area islanded microgrid. 
Fig. 3 also shows that the Consultant group has ranked 
both environmental and social criteria more important than 
the technical criterion, making the technical criterion the 
least important factor and social criteria being the second 
important criterion. Usually, in practice, Consultants try to 
follow a conventional or safe-sided approach for advocat-
ing. The findings of this study also support this statement. 
However, as seen from Fig. 3, the social and environmental 
factors are less important than the technical criterion for the 
Academic and Industry Expert groups. According to [38], 
reliability and cost constraints are the primary considera-
tions in power system planning process, and the findings of 
this study reveal that the Academic and Industry Expert 
groups agree with the claims of [39]. 
For each expert group, the weightings of all sub-criteria 
falling under each criterion are also computed. Fig. 4 pre-
sents the radar charts portraying the weightings of every 
sub-criterion marked by each expert group. As seen from 
this figure, from the perspective of the Academic and In-
dustry Expert groups, the sub-criteria with the highest 
weightings are the capital cost, CO2 emissions and the sys-
tem reliability respectively for the economic, environmental 
































Figure 2. Diversity of the survey respondents; (a) percentage of respond-
ents belonging to each expert group, (b) distribution of participants be-
tween developed and developing countries and (c) continent-wide distribu-
















Figure 3. Overall weightings of all criteria scored by each expert group (in 
percentage). 
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Interestingly, within the social criterion, the Academic and 
Industry Experts have given the same weighting to all listed 
sub-criteria. The Consultant group has equally marked the 
net present cost and fuel cost sub-criteria as the highest 
weightings followed by CO2 emission, system reliability 
and the remoteness factor respectively for the economic, 
















































Figure 4. Weightings of each sub-criterion scored by various expert groups for criterion: (a) Economic, (b) Environmental, (c) Technical, (d) Social. 
The experts were also asked about the importance of 
knowledge acquired through literature study over hands-on 
experience from fieldwork while planning microgrids. 31.1% 
of the participants from the Academic group had viewed 
the literature study has higher importance over hands-on 
experience, whereas 31.1% of them believe literature study 
and hands-on experience are equally important. 42.9% of 
the Industry Experts believe that literature study has weaker 
importance than the hands-on experience, as only 4.8% of 
them judged that literature study is strongly important. 
Among the Consultants, no one rated both these activities 
as equally important. 60% of the consultants believe that, 
literature study is moderately important than that of hands-
on experience for planning remote area microgrid. Fig. 5. 
shows the percentage of this importance for each expert 
group.  
The survey also asked the experts to rank the obstruc-
tive features which are generally posing discouraging im-
pacts on microgrid implementations in remote and rural 
areas. Three options provided to rank were: a) vandalism; b) 
equipment safety rules and regulations, and c) frequent 
change of government policies. Among these options, van-
dalism was ranked the highest by the Consultant group, 
whereas the Academic experts ranked this option as the 
lowest one. Equipment safety rules and regulation was also 
ranked the highest by the Consultant group, whereas the 
Academic and Industry Experts ranked this option as se-
cond and third, respectively. Interestingly, both the Aca-
demic and Industry Experts group selected the ‘frequent 
change in government policy’ as the most discouraging 
factor (highest rank) among all selected factors. Fig. 6 por-
trays the hierarchy of importance of the obstructive factors. 
When considering all experts’ opinion cumulatively, the 
research finds that 37.5% experts recommended the equip-
ment safety rules and regulations as the highest ranked ob-
structive factor, whereas 33.9 and 28.6% of experts ranked 
frequent change in government policy and vandalism as the 
highest ranked obstructive factor. 44.1 and 39.8% of the 
experts ranked the frequent change in government policy 
and the vandalism as the second ranked and third ranked 
among the three options, respectively. Fig. 7 represents the 
experts’ perceptions on ranking the obstructive factors. 
The survey also requested additional comments and 
personal observation on the planning and operation issues 
of a diesel-PV-battery based microgrid in remote areas. 
According to the respondents, it is essential to know the 
type of energy demand (electricity and heat) and their pro-
portion before planning a power supply system. Residential 
energy needs is an important factor for designing diesel-
PV-battery capacity. One of the respondents mentioned that, 
“Steps to be followed at planning stage: site selection, pre-
survey to identify and quantify the present energy demand, 
demand forecasting, availability of energy efficient equip-
ment, willingness to pay and co-operate, income and edu-
cation level, suitability of installing decentralized power 
generation units at different combinations of diesel, and/or 
PV, and/or battery which will be interconnected.” while 
another respondent mentioned that, “System sizing is very 
important - particularly the size of diesel generators. Al-
lowance for future demand growth and use of best practice 
technologies are important as well.” 
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Respondents also expressed their view on economic, 
social and environmental issues on microgrid developments. 
Some participants mentioned that although diesel-PV-
battery systems are economically more viable than diesel 
only systems, but considering the negative impacts on envi-
ronment, PV-battery system is the future solution. Some 
concerns were raised regarding the land usage issues for PV 
installment, if it is not rooftop PV system: “PV is better for 
environment. Now, the key is to choose the good location 
for PV harvesting. Then, PV becomes suitable.” 
Social factors were also mentioned as one of the im-
portant issues to be considered by the respondents. Accord-
ing to the participants, these type of hybrid systems are able 
to create job scopes in the local areas. One respondent 
comments that “Hybrid system is expected to create more 
jobs than the diesel-only system.” 
IV. CONCLUSION 
This study aimed to identify the most important and 
common universal criteria and sub-criteria for optimal 
planning of remote area islanded microgrids, consisting of 
diesel-driven synchronous generators, PV and battery ener-
gy storage systems. Four main criteria of economic, envi-
ronmental, technical and social and fourteen sub-criteria 
have been considered. The weightings have been deter-
mined based on the Academic, Industry Experts and Con-
sultant expert surveys from all over the world using an 
AHP-based MCDA technique. The survey results present 
interesting views and observations, which reflect various 
mindsets and areas of concerns of different groups of ex-
perts.  
      The study reveals that the economic criterion is the 
most important factor when planning the microgrids. The 
Academic and Industry Expert groups have coherence in 
their decisions, whereas the Consultant group has different 
opinions. The experts also emphasize the importance of 
collecting household energy use information from the field 
before finalizing the design of the microgrid systems. It 
was agreed by the experts to consider social factors while 
planning such systems. The study also reveals the concerns 
of experts regarding the importance of hands-on experience 
over literature studies for planning of microgrids. Experts 
have also ranked some of the demotivating or obstructive 
factors those may lead to fewer uptakes of renewable ener-
gy-based microgrids by communities, if not addressed 
properly. The findings of this study suggests that, the 
traditional concepts of using only technical or only techno-
economic factors for planning of remote area islanded 
microgrids are becoming weaker or even outdated these 
days. The environmental and most importantly, the social 
factors that involve the local stakeholders, must be taken 
into consideration.  
The outcomes of this research can be applied along with 
the techno-economic results, determined by power system 
simulation and optimization software tools. This will make 
the plan of renewable energy-based remote area microgrid 


























Figure 5. Experts’ view on importance level of literature studies over 
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Figure 7. Experts’ perceptions on various obstructive factors for planning 
of remote area microgrids (in percentage). 
REFERENCES 
[1] B. Plumer, " Here’s why 1.2 billion people still don’t have access to 








[3] A. Arefi and F. Shahnia, "Tertiary controller-based optimal voltage and 
frequency management technique for multi-microgrid systems of 
large remote towns. IEEE Transactions on Smart Grid. 
 [4] F. Shahnia, R.P.S. Chandrasena, S. Rajakaruna, and A. Ghosh, 
“Autonomous operation of multiple interconnected microgrids with 
self-healing capability,” IEEE Power & Energy Society General 
Meeting, 2013. 
[5] T. Jamal, M.A. Shoeb, G.M.  Shafiullah, C.E. Carter and T.A. Urmee, 
"A design consideration for solar PV-diesel remote electricity network: 
Australia perspective". In Innovative Smart Grid Technologies-Asia 
(ISGT-Asia), 2016 IEEE (pp. 821-826). IEEE, 2016 
[6] F.F. Nerini, M. Howells, M. Bazilian and M.F. Gomez, "Rural 
electrification options in the Brazilian Amazon: A multi-criteria 
analysis. Energy for Sustainable Development, 20, 36-48, 2014. 
[7]  M.A. Shoeb, T. Jamal, G. M. Shafiullah and M.M. Rahman, "Analysis 
of remote PV-diesel based hybrid minigrid for different load 
conditions". In Innovative Smart Grid Technologies-Asia (ISGT-Asia), 
2016 IEEE (pp. 1165-1170). IEEE, 2016.  
[8] L. Ali and F. Ahahnia, "Determination of an economically-suitable 
and sustainable standalone power system for an off-grid town in 
Western Australia. Renewable Energy, 106, 243-254, 2017.  
[9]  F. Shahnia, M. Moghbel, A. Arefi, G.M. Shafiullah, M. Anda and A. 
Vahidnia,"Levelized cost of energy and cash flow for a hybrid solar-
ICUE 2018 on Green Energy for Sustainable Development 
Thavorn Palm Beach Resort Karon, Phuket, Thailand. 24 – 26 October 2018 
 
 
wind-diesel microgrid on Rottnest island". In Universities Power 
Engineering Conference (AUPEC), 2017 Australasian (pp. 1-6). IEEE, 
2017. 
[10] L. Ali, F. Shahnia, A. Arefi, H. Iu, and T. Fernando,"Feasibility 
analysis of a sustainable system for an Australian remote town". 
In Power Generation Systems and Renewable Energy Technologies 
(PGSRET), 2017 3rd International Conference on (pp. 118-122). 
IEEE, 2017. 
[11]J. C. Rojas-Zerpa and J. M. Yusta, "Methodologies, technologies and 
applications for electric supply planning in rural remote 
areas". Energy for Sustainable Development, 20, 66-76, 2014.  
[12] F. Cavallaro, “Multi-criteria decision aid to assess concentrated solar 
thermal technologies,” Renewable Energy, vol. 34, pp. 1678-1685, 
2009. 
[13] H. Al Garni, A. Kassem, A. Awasthi, D. Komljenovic and K. Al-
Haddad, "A multicriteria decision making approach for evaluating 
renewable power generation sources in Saudi Arabia". Sustainable 
Energy Technologies and Assessments, 16, 137-150, 2016.  
[14] D. Akinyele,  J. Belikov and Y. Levron, "Challenges of Microgrids in 
Remote Communities: A STEEP Model Application". Energies, 11(2), 
432, 2018. 
[15] T. Urmee, and A. Md,"Social, cultural and political dimensions of 
off-grid renewable energy programs in developing 
countries". Renewable Energy, 93, 159-167, 2016. 
[16] R. Fornarelli, F. Shahnia, M. Anda, P. A. Bahri and G.  Ho, 
"Selecting an economically suitable and sustainable solution for a 
renewable energy-powered water desalination system: A rural 
Australian case study". Desalination, 435, 128-139, 2018. 
[17] K.D. Patlitzianas, K. Ntotas, H. Douka and J.  Psarras, "Assessing the 
renewable energy producers’ environment in EU accession member 
states". Energy Conversion and Management, 48(3), 890-897, 2007. 
[18] H. Vella,"Microgrids-– The key to providing electricity in rural 
communities?" Power Technology. [Online]. Available:  
www.power-technology.com/features/featuremicrogrids-the-key-to-
providing-electricity-to-the-energy-poor-4314517/ 
[19] Microgrid Features. District Energy. [Online]. Available:  
www.districtenergy.org/microgrids/about-microgrids97/features 
[20] HOMER Energy, Microgrid Decisions Made with Confidence. 
http://www.homerenergy.com/index.html 
[21] T. Jamal, T. Urmee, M. Calais, G.M. Shafiullah and 
C.Carter,"Technical challenges of PV deployment into remote 
Australian electricity networks": a review. Renewable and Sustainable 
Energy Reviews, 77, 1309-1325, 2016. 
[22] L. Byrnes, C. Brown, L. Wagner, and J. Foster,"Reviewing the 
viability of renewable energy in community electrification: The case 
of remote Western Australian communities". Renewable and 
Sustainable Energy Reviews, 59, 470-481, 2016. 
[23] Z. Moravej and H. Afshar, "Optimal Planning of Microgrid Using 
Multi Criteria Decision Analysis". International Journal of 
Multidisciplinary Sciences and Engineering, 5(8), 1-6, 2014. 
[24] F. Shahnia, S. Bourbour,and A. Ghosh, "Coupling neighboring 
microgrids for overload management based on dynamic multicriteria 
decision-makin." IEEE Transactions on smart grid, 8(2), 969-983, 
2017. 
[25]  A. Mardani, A. Jusoh, A., E.K. Zavadskas, F. Cavallaro and Z. 
Khalifah, "Sustainable and renewable energy: An overview of the 
application of multiple criteria decision making techniques and 
approaches". Sustainability, 7(10), 13947-13984, 2015. 
[26] M.A. Shoeb, F. Shahnin and G.A. Shafiullah, "A multilayer 
optimization scheme to retain the voltage and frequency in standalone 
microgrids. In Innovative Smart Grid Technologies-Asia (ISGT-Asia), 
2017 IEEE (pp. 1-6). IEEE., 2017. 
[27] S. Bourbour, F. Shahnia and A. Ghosh, "Selection of a suitable 
microgrid to couple with an overloaded neighboring microgrid based 
on decision making. In North American Power Symposium (NAPS), 
2015 (pp. 1-6). IEEE, 2015. 
[28] A. Chaurey and T.C. Kandpal, "Assessment and evaluation of PV 
based decentralized rural electrification: An overview. Renewable and 
Sustainable Energy Reviews, 14(8), 2266-2278, 2010. 
[29] T. Jamal, G.M. Shafiullah, C. Carter and T.Urmee, "A comprehensive 
techno-economic and power quality analysis of a remote PV-diesel 
system in Australia. Renewable Energy and Environmental 
Sustainability, 2, 24., 2017 
[30] D. Peters, T. Kilper, M. Calais, T. Jamal, and K. von Maydell, "Solar 
short-term forecasts for predictive control of battery storage capacities 
in remote PV diesel networks". In Transition Towards 100% 
Renewable Energy (pp. 325-333). Springer, Cham., 2018. 
[31] T. Jamal, G.M. Shafiullah, C. Carter, S.M. Ferdous, M.M. Rahman, 
“Benefits of short-term PV forecasting in a remote area standalone 
off-grid power supply system,” In Power and Energy Society General 
Meeting (PESGM), 2018. IEEE, 2018. 
[32] S. D. Pohekar and M. Ramachandran,"Application of multi-criteria 
decision making to sustainable energy planning—a 
review". Renewable and sustainable energy reviews, 8(4), 365-381, 
2004. 
[33] T.L. Saaty, "How to make a decision: the analytic hierarchy 
process". European journal of operational research, 48(1), 9-26, 1990. 
[34]  R. W. Saaty, 'The analytic hierarchy process—what it is and how it is 
used". Mathematical modelling, 9(3-5), 161-176. 1987. 
[35] C. Wimmler, G. Hejazi, E.D.O. Fernandes, C. Moreira, and S. 
Connors, "Multi-criteria decision support methods for renewable 
energy systems on islands". Journal of Clean Energy Technologies, 
vol. 3, 2015. 
[36] S. Bourbourand F.Shahnia,"Impact of the weightings of different 
criteria in selecting the suitable microgrids when forming a system of 
coupled microgrids". In Innovative Smart Grid Technologies-Asia 
(ISGT-Asia), 2016 IEEE (pp. 1151-1156). IEEE, 2016 
[37] S. Smith, "Determining Sample Size: How to ensure you get the 
correct sample size". [Online]. Available: 
www.qualtrics.com/blog/determining-sample-size/ 
[38] J.C. Rojas-Zerpa, and J.M. Yusta, "Application of multicriteria 
decision methods for electric supply planning in rural and remote 
areas". Renewable and Sustainable Energy Reviews, 52, 557-571, 
2015. 
[39] H.G. Stoll and L.J.  Garver, "Least-cost electric utility planning" (Vol. 
4). New York: Wiley, 1989.  
